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Abstract
Objective: To investigate the association between annual change in physical activity and subsequent annual
change in weight status in adolescents over a 4 year period.
Design: Longitudinal study design with annual data collection over 4 years. Setting: Suburban school district in
Pittsburgh, PA. Participants: 1245 adolescents aged 11-16 years. Main outcome measures: Physical activity and
body mass index (BMI) percentile. Analysis: Generalized estimating equation (GEE).
Results: 994 participants (53% male) were included in the analyses. The longitudinal associations between
changes in physical activity and BMI% were mostly small and non-significant. However, compared with those who
did not change their physical activity, a large annual increase in physical activity (>10 hr/wk) was associated with a
significant increase in BMI%. Results were broadly similar for total and vigorous physical activity, boys and girls and
for healthy and unhealthy (>85th percentile) BMI%.
Conclusions and Implications: The role of physical activity in the development of obesity during adolescence
therefore remains unclear. Further work is needed to elucidate the role of physical activity in the prevention of
obesity.
Keywords: Adolescents; Longitudinal survey; Physical activity;
Obesity; GEE
Introduction
In 2014, the National Health and Nutrition Examination Survey
(NHANES) reported that 34.5% of adolescents aged 12-19 years were
overweight or obese [1]. Obese adolescents are at high risk for many
medical complications [2] that were previously found primarily among
adults including; hypertension [3], hyperlipidemia [4], diabetes [4,5]
and sleep apnea [6]. Obesity throughout adolescence may also have
detrimental psychosocial consequences such as exposure to teasing or
ridicule about weight issues [2,7].
Factors which are associated with the increase of childhood and
adolescent obesity include parental weight status, birth weight, poor
diet and a lack of physical activity [2,8]. Engaging in physical activity
has been associated with health benefits in children and adolescents
including improved overall weight control [9-11] and psychological
[12] and general well-being [13].
The identification of mechanisms that may attenuate the
progression of abnormal weight gain throughout adolescence is needed
to move both individual and population based interventions forward
[2]. One such mechanism is the association between changes in
physical activity and changes in weight status throughout adolescence.
A recent systematic review concluded that physical activity during
adolescence is protective against obesity; however, this conclusion was
based mainly on cross sectional studies as a very limited number of
longitudinal studies have been conducted [14]. Of these, some were
able to show significant evidence that declines in physical activity
during adolescence were associated with increases in body weight
[15-18].
The evidence however is still equivocal as others have reported no
significant relationship [19,20] and furthermore, Kettaneh et al. [21]
found the association to be dependent on gender as a significant
relationship was found in girls and no association among boys.
The present analysis adds to the current literature as it investigates
how changes in physical activity may affect weight status over a four
year time period using a large diverse sample of adolescents. The
primary objective of this study was to investigate the association
between annual change in physical activity and subsequent annual
change in weight status (i.e., BMI percentile) in adolescents over a 4
year period.
A secondary objective was to identify gender and baseline weight
status differences in the relationship between physical activity and
weight gain (i.e., BMI percentile). We hypothesize that a decrease in
physical activity during adolescence will result in an increase in weight
gain (i.e., BMI percentile) during this time.
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Participants for this longitudinal study were part of the Adolescent
Injury Control Study (AICS), a 4 year National Institute of Health
funded study. AICS aimed to examine the contribution of sport and
recreational physical activity to all-cause injury incidence in
adolescents [22,23]. The AICS included 7th, 8th, and 9th grade students
(aged between 11 and 16 years) recruited from a local suburban school
district in Pittsburgh, Pennsylvania (USA) during August of 1989.
Students and parents signed an informed consent, approved by the
University of Pittsburgh Institutional Review Board. There were 1245
participants (643 boys and 602 girls) in the study, and the follow-up
period was four years. In the present analyses, students who were older
than 16 years of age at baseline (n=40) were excluded due to the
inability to categorize their BMI over the whole 4 year follow-up
period of the study using the standard paediatric BMI percentile
categories from the Centers for Disease Control and Prevention
(CDC), which only apply up to 18 years of age. Due to the low number
of Hispanic (n=7) and Asian (n=8) students as well as students
reporting “other” race/ethnic group (n=21), only Caucasians and
African Americans were included in the present analyses. There are
known racial/ethnic differences in physical activity patterns and the
prevalence of obesity [24] and we therefore felt it was not possible to
combine these students (Hispanic, Asian, Other Race/Ethnicity) into a
single minority group. Those who reported more than 168 hrs/wk of
physical activity at any time point (n=1) were also excluded. Those
who did not have at least one valid value simultaneously for the
outcome and exposure were excluded (n=168). Finally, those who did
not have body composition data at baseline were excluded (n=6) as
baseline BMI% was included in our model. Data from 994 students
were therefore included in our analyses.
Data collection
Physical activity: During the spring term of each school year (1990,
1991, 1992, and 1993), trained research staff administered the
Modifiable Activity Questionnaire for Adolescents (MAQ) during
physical education classes [25]. The MAQ assesses physical activity in
the past year and has been shown to be both reliable and valid in
measuring physical activity in an adolescent population [26]. In order
for a student to report an activity, they had to participate in the activity
a minimum of ten times over the past year.
Each student was provided a list of 26 activities (i.e., aerobics, band/
drill team, basketball, etc) to choose from along with blank spaces to
add additional activities not listed. The frequency and duration of each
activity listed was also recorded. This questionnaire was used to
estimate the total hours per week (hrs/wk) of overall leisure time
activity (≥3 Metabolic equivalent (MET)) in the past year. In addition,
total hours per week of vigorous activity (defined as ≥6 MET) was
estimated for each year.
Weight status: At the time of physical activity measurement, a
calibrated balance scale was used to measure weight and a wall
mounted measuring tape was used to measure height. Epi Info (a
computer based program provided by the CDC) was used to calculate
each participant’s body mass index (BMI) (kg/m2) and BMI percentile
[27]. Adolescents were categorized as “At Risk for Overweight” if their
BMI percentile was between the 85-95th percentile and “Overweight” if
their BMI percentile was greater than the 95th percentile.
Definition of outcomes and exposures: For each individual, the
outcome variable was defined as change in BMI percentile from either
1) 1990 to 1991, 2) 1991 to 1992, or 3) 1992 to 1993. The exposure was
defined as change in physical activity from either 1) 1989 to 1990, 2)
1990 to 1991, or 3) 1991 to 1992. This assumed that physical activity
reported in a particular year (e.g., 1990), reflects level of physical
activity during the previous year (e.g., 1989). The change in physical
activity exposure variable was then categorized into 7 groups: 1) large
decrease (>10 hrs/wk); 2) moderate decrease (5-9.99 hrs/wk); 3) small
decrease (2-4.99 hrs/wk); 4) no change (±1.99 hrs/week); 5) small
increase (2-4.99hrs/wk); 6) moderate increase (5-9.99 hrs/wk); and 7)
large increase (>10 hrs/wk).
Sociodemographic data: Socioeconomic status (SES) was
determined according to percentage of the population below the
poverty level of the neighborhood where the child resided. Each
neighborhood’s SES was classified as high (less than 10% below poverty
level), middle (10-20% below poverty level), or low (greater than 20%
below poverty level) [28].
Statistical analysis
The longitudinal association between change in physical activity and
change in BMI percentile was modelled using a generalized estimating
equation (GEE) assuming an exchangeable correlation structure, and
with robust standard errors (using STATA version 10.1) (StataCorp,
College Station, TX).
The model included sex, baseline BMI percentile (i.e., BMI
percentile at the start of the year in question), and age. Ethnicity and
SES were also considered as potential confounders, but their inclusion
in the model made almost no differences to the estimated association,
so they were therefore not included in the final model. The analysis was
performed using the overall sample and also within subgroups defined
by gender and weight status (healthy weight defined as 5-85th BMI
percentile and unhealthy weight defined as >85th BMI percentile). A
similar analysis was performed using change in vigorous physical
activity as the exposure.
Results
Baseline characteristics of the study sample are described in Table 1.
Overall, the sample included 994 adolescents with a mean age of 13.5
(±1.0) years. The sample included a larger number of males (52.8%),
those categorized as Caucasian (77.9%), and of middle SES (53.6%).
Overall the sample was found to be of a healthy weight (defined as a
BMI percentile of 5-85%) while 16.3% were overweight (BMI
percentile>85-95%), and 10.3% were categorized as obese (BMI
percentile>95%).
The median physical activity of the sample was 13.3 hrs/wk (IQR 5.3
to 27.2) and 7.0 hrs/wk (IQR 2.3 to 16.4) of vigorous activity. The 174
participants excluded from the analysis based on lack of physical
activity and weight status data were found to be significantly more
likely to be girls and Caucasian compared with participants included in
the analyses sample. Table 2 illustrates the distribution of the sample
within each change in physical activity category over each time period
(Figures 1 and 2).
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Figure 1: BMI percentile by Study Year. Figure 2: Change in BMI percentile by Study Year.





Caucasian 77.9 78.5 77.2
African American 22.1 21.5 22.8
SES
Low 17.7 30.7 26.4
Middle 53.6 51.8 55.7
High 28.7 17.5 17.9
Percent Overweight* 10.3 14.1 18.8
Percent At Risk for Overweight* 16.3 12.4 7.9
Mean (SD)
Age (years) 13.5 (1.0) 13.6 (1.0.) 13.5 (1.0)
Height (cm) 160.7 (8.9) 163.4 (9.7) 157.7 (6.5)
Weight (kg) 57.5 (13.7) 59.0 (14.7) 55.8 (12.2)
BMI (kg/m2) 21.4 (4.2) 21.2 (4.2) 21.6 (4.3)
BMI percent (%) 61.4 (27.6) 59.5 (29.0) 63.5 (25.9)
Median (IQR)
Physical Activity (hrs/wk) * 13.3 (5.3, 27.2) 23.1 (12.1, 37.5) 6.9 (3.1, 13.6)
Vigorous Physical Activity (hrs/wk) * 7.0 (2.3, 16.4) 12.5 (5.3, 23.6) 3.1 (0.8, 7.8)
*N=964 as 36 individuals did not complete the physical activity assessment at baseline.
Table 1: Baseline Characteristics of Participants used in Analysis (N=994).
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1989 to 1990 1990 to 1991 1991 to 1992
N=954 N=882 N=730
T B G T B G T B G
Physical Activity
Large decrease (≥10 h/wk) 24.6 35.5 12.7 21.9 27.8 15.2 17.9 24.3 10.6
Moderate decrease (5-9.99 h/wk) 9.1 8.6 9.6 13.4 14.3 12.4 16 17.7 14.1
Small decrease (2-4.99 h/wk) 10.8 7.6 14.2 11.9 11.3 12.6 13.4 9.7 17.7
No change (± 1.99 h/wk) 18.5 12.4 25.2 22.6 15 31.2 24.8 20.5 29.7
Small increase (2-4.99 h/wk) 8.8 6.2 11.6 10.3 6.4 14.5 10.4 7.2 14.1
Moderate increase (5-9.99 h/wk) 11.1 10 12.3 10.6 12.8 8.1 8.3 9.2 7.4
Large increase (≥10 h/wk) 17.2 19.8 14.4 9.4 12.4 6 9.2 11.5 6.5
Vigorous Physical Activity
Large decrease (≥10 h/wk) 16.8 25 7.9 16.3 22.9 9.1 13.1 18.9 6.5
Moderate decrease (5-9.99 h/wk) 10.1 11.2 9 11.5 13.7 9.1 10.3 11 9.4
Small decrease (2-4.99 h/wk) 12.2 9.6 15.1 15.2 12.6 18.1 14 14.3 13.5
No change (± 1.99 h/wk) 28 16.4 40.7 34.2 22.2 47.6 43.6 29.2 60.3
Small increase (2-4.99 h/wk) 9.9 8.2 11.8 9.6 9.4 9.8 8.9 11.5 5.9
Moderate increase (5-9.99 h/wk) 11.2 13 9.2 6.5 9.8 2.9 5.2 7.2 2.9
Large increase (≥10 h/wk) 11.8 16.8 6.4 6.6 9.4 3.6 4.9 7.9 1.5
T = total group; B = boys; and G = girls
Table 2: Percentage of Participants in Categories of Change in Total Physical Activity and Vigorous Physical Activity within each Measurement
Period.
Table 3 shows the longitudinal associations between change in
physical activity and subsequent change in BMI percentile. The
associations were mostly small and non-significant; however,
compared with those who did not change their physical activity, an
increase in physical activity greater than 10 hrs/wk from one year to
the next was associated with a significant increase in subsequent
change in BMI percentile (p<0.001). This association was also
observed consistently among girls (p<0.01), boys (p<0.01), and healthy
weight adolescents (p<0.001).
Table 4 shows the longitudinal associations between change in
vigorous physical activity and subsequent change in BMI percentile.
The results were similar to those where overall physical activity was the
exposure.
Overall Boys Girls Healthy BMI% Unhealthy BMI%
obs=2505 obs=1319 obs=1186 obs=1815 obs=674
PA level β 95% CI β 95% CI β 95% CI β 95% CI β 95% CI
Large decrease
(≥10h/wk)
0.5 -0.8,1.7 -0.1 -1.9,1.6 1.1 -1.0,3.1 0.6 -1.0,2.2 -0.0 -1.8,1.8
Moderate decrease
(5-9.99 h/wk)
0.2 -1.4,1.7 -0.7 -2.9,1.4 1.1 -1.2,3.3 -0.1 -2.1,1.9 0.7 -1.1,2.5
Small decrease (2-4.99
h/wk)
0.2 -1.3,1.7 0.1 -2.2,2.4 0.2 -1.8,2.1 -0.2 -2.1,1.7 0.3 -1.8,2.5
No change (± 1.99 h/wk) 0 0 0 0 0
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Small increase (2-4.99
h/wk)
0.9 -0.6,2.4 -0.8 -3.5,2.0 1.8 -0.1,3.6 0.7 -1.1,2.6 0.8 -1.9,3.5
Moderate increase
(5-9.99 h/wk)
0.5 -1.1,2.0 0.4 -1.8,2.5 0.3 -2.0,2.6 0.2 -1.9,2.3 0.9 -0.9,2.7
Large increase
(≥10h/wk)
3.1** 1.5,4.7 2.6* 0.5,4.7 3.3* 0.7,5.8 3.6** 1.6,5.7 1.4 -0.4,3.3
obs = number of observations, as each individual had one or more observations
Healthy weight defined as 5-85th BMI percentile; Unhealthy weight >85th BMI percentile All analyses adjusted for age, sex, and BMI percentile at baseline year.
*p<0.01; **p<0.001
Table 3: Longitudinal Association Between Yearly change in Physical Activity and Subsequent Change in BMI Percentile in 994 Adolescents over
Three Years.
Overall Boys Girls Healthy BMI% Unhealthy BMI%
obs=2505 obs=1319 obs=1186 obs=1815 obs=674
Vigorous PA level β 95% CI β 95% CI β 95% CI β 95% CI β 95% CI
Large decrease (≥10h/wk) 0.4 -0.9,1.7 0.4 -1.2,2.1 0.0 -2.5,2.5 0.2 -1.5,1.9 0.7 -0.9,2.3
Moderate decrease (5-9.99
h/wk)
0.5 -1.1,2.0 0.4 -1.8,2.5 0.5 -1.8,2.9 0.8 -1.2,2.7 -0.3 -2.4,1.8
Small decrease (2-4.99
h/wk)
0.8 -0.4,2.0 0.1 -1.8,2.0 1.4 -0.3,3.0 1.0 -0.6,2.6 0.3 -1.2,1.8
No change (± 1.99 h/wk) 0 0 0 0 0
Small increase (2-4.99
h/wk)
0.3 -1.2,1.7 0.6 -1.5,2.6 -0.1 -2.2,1.9 -0.0 -1.9,1.8 1.6 -0.4,3.5
Moderate increase (5-9.99
h/wk)
1.5 -0.4,3.3 1.1 -0.9,3.1 2.2 -1.7,6.1 1.9 -0.5,4.4 0.8 -1.2,2.8
Large increase (≥10h/wk) 2.5** 0.9,4.2 2.7** 0.6,4.8 1.6 -0.7,4.0 2.6* 0.4,4.7 2.1** 0.6,3.6
obs = number of observations, as each individual had one or more observations
Healthy weight defined as 5-85th BMI percentile; Unhealthy weight >85th BMI percentile All analyses adjusted for age, sex, and BMI percentile at baseline year.
*p<0.05; **p<0.01;***p<0.001
Table 4: Longitudinal Association between Yearly Change in Vigorous Physical Activity and Subsequent Change in BMI Percentile in 994
Adolescents over Three Years.
Discussion
Although there is some evidence from longitudinal studies that
decreases in physical activity during adolescence may result in
increases in weight gain [15-18] the findings from this 4-year
longitudinal study in a large population-based sample of adolescents
do not confirm this. Therefore our findings did not support our
hypothesis that a decrease in physical activity during adolescence
would result in an increase in weight gain (i.e., BMI percentile) during
this time. Other studies have also found that weight status and physical
activity may not be inversely related during adolescence [19,20]
indicating that research in this area is equivocal and future research is
needed to further investigate the association. These studies need to be
adequately powered longitudinal studies with frequent objective
measures of physical activity throughout adolescence.
We did not observe a consistent association between changes in
physical activity and subsequent weight gain although an unexpected
positive association was observed in the adolescents who reported the
highest change in physical activity (i.e., more than 10 hours per week).
Several reasons may explain this. First, weight status was determined
using BMI criteria for children and adolescents. Although BMI has
been shown to be a valid screening tool for weight status categories
among adolescents, it is known to not accurately predict changes in
body fat, especially during the adolescent growth period [29]. Perhaps
these findings represent a change in body composition, not weight
status per se. Research has shown that increased levels of physical
activity during the pre-pubertal years leads to a decrease in the amount
of body fat and increase in lean mass during the adolescent years [30].
The present study was unable to establish whether there were any
changes in percentage of body fat over the study period, even if BMI-
derived weight status remained the same. Second, no information was
collected on the adolescents’ diet in the current study, therefore
significant increases or decreases in energy intake over time were not
known. It is possible that the changes in weight status could be due to a
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change in daily caloric consumption. Third, changes in time spent
sedentary (such as the hours per day spent watching TV, playing video
games, or using the computer) was also not accounted for in this study
which could have contributed to the lack of an association between
physical activity and weight status. Studies have reported that
sedentary time during adolescence impacted weight status more so
than physical activity [31,32] and that sedentary time during this
period becomes more common and increases with increasing age [33].
Finally, a change in activity level of more than 10 hours per week is a
substantial change and could be a result of the adolescent participating
in a competitive sport one measurement year and not the next, or vice
versa. The MPAQ assesses numerous aerobic activities, however, we do
not know if the adolescent participated in the activity as part of an
organized sports team. Being a part of an organized sports team one
measurement year and not another year has the potential to change
one’s body composition and/or weight status substantially. To explore
this possibility further, it is essential to have more robust methodology
in both physical activity and body composition assessment.
In the adult literature researchers have proposed a stronger reverse
association i.e., that increases in weight are associated with increases in
physical inactivity [34-36]. Although this association has not yet been
studied in children and adolescents, it may be that this is the case for
the adolescents in this study as well. Future work in other longitudinal
data in young people should address this issue of reverse causality in
order to further disentangle the potentially complex relationship
between physical activity and weight. However, one should be aware
that the methodological issues of measurement error in the measures
of weight and physical activity affects the conclusions when they are
used as either the outcome or exposure [37].
This study had many strengths including the use of a valid and
reliable adolescent physical activity questionnaire, a large and diverse
sample of adolescents, and repeated annual assessments of physical
activity and body composition measurements over four consecutive
years. Physical activity and body composition (height and weight) were
assessed annually over four years by a member of the research staff to
ensure accuracy of the measurement. Despite these strengths, the study
also had some limitations. The main exposure variable, physical
activity, was measured via self-report. Although the MAQ is reported
to be both valid and reliable in adolescents [26] self-report is a
subjective measure with individual biases. An objective measure of
physical activity (such as an accelerometer or pedometer) would have
been preferable. Similarly, a more precise measure of body
composition (i.e., waist circumference, percent body fat, skinfolds)
would have been desirable. As our most significant findings are in the
category of 10 hours per week or more of physical activity, there is the
possibility that these adolescents were participating in an organized
sport. Having a more objective measure of body composition, such as
DEXA for example, would have given us a better estimate of their
percent body fat and decreased the chances of our more athletic
adolescents being misclassified on their BMI alone. As mentioned
previously, we did not have access to data on some potentially
confounding variables such as dietary and sedentary behaviour [38]
although new evidence suggests that sedentary behaviour does not
directly displace physical activity [39]. Maturation may be another
variable to be taken into account, especially in this age group, but this
data was not collected as part of the AICS. Although this study had
data from 994 adolescents, a recent systematic review on this topic
found that studies with greater than 1000 participants were more
supportive in finding an inverse association between change in
physical activity and change in adiposity [14]. It may therefore be that
this study was underpowered to detect this association, although we
did include multiple observations per participant in our analyses.
Moreover, the relatively small effect estimates and lack of trend in the
associations observed give some indication that a significant inverse
association would probably also not have been detected in a larger
sample of these adolescents. The data used for these analyses was
collected 20 years ago, which could be considered a limitation.
However, it is unlikely that the association between changes in physical
activity and weight gain has changed over the decades. In addition, this
data was collected in the same time period as the National Heart, Lung
and Blood Institute’s Growth and Health study, which previously has
shown an inverse association between physical activity and BMI in
adolescent girls [17]. Lastly, it is difficult to establish representativeness
of the analyses sample to the wider population. However, the sample
recruited into the AICS study came from a school district
representative of other US school districts [26] and the random
selection procedure of the students within the school district should
ensure representativeness of the sample.
In conclusion, the results of the current study indicate that during
this adolescent growth period the changes in BMI percentile are not
explained by preceding changes in physical activity. We therefore
believe that the association between changes in physical activity and
body weight during adolescence remains unclear and requires further
investigation. These longitudinal studies should include objective
measures of a variety of health behaviours, such as physical activity,
sedentary time and diet, and study their changes in relation to weight
gain to elucidate the association between these variables. Furthermore,
more precise measures of body composition (i.e., DEXA) need to be
used to ensure proper assessment of the rapid gains in weight that
naturally occur during the adolescent growth period, in particular the
increase in muscle mass in boys and body fat in girls. A better
understanding of the role of physical (in) activity in the development
of obesity is needed in order to inform its prevention and treatment.
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